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INTRODUCTION 



1.1 DESCRIPTION 
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•n«o and read from U* "major l00p « in ■i^r^^ k **** """ * ""*" ,0 ° P " ° a « a '« ^ 

It is the function of the TMS QQi« ^ l . 
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F.GURE I _ TMS 99,6 CONTROLLER IN TMS 9900 SYSTEM 



1.2 KEY FEATURES 



Compatible with TMS 9900 Family and TMS 8080 Microprocessors 
Byte oriented transfer of data 

20 hytesnf on i.h.p buffer ,lor«.ne 



/e 



Programmable? patie si 



Capable of ignoring bad bubble loops 
50 K bit data transfer rate 
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FIGURE 2 - SIMPLIFIED BLOCK DIAGRAM 



20 clock 

Single or multi-page mode 



N-channel self-aligned gate MOS technology 



2. OPERATION 



Operation is controlled by a microprogram contained in an onboard ROM and by the contents of registers set up 
during initialization by the programmer. A multi-page mode is available which enables loading or unloading the memory 
in blocks of up to the entire contents of memory. 



2.1 ADDRESS AND CONTROL 



The TMS 9916 controller is a mcmoiy-mappcd device and occupies 16 consecutive locations in memory. Each of the 
first 15 addresses perform a specific function, such as loading a command or loop size register, reading a status, 
performing a test, or initiating reading or wiiting of data. The 16th address (F^) performs no operation. Table 1 lists 
these addresses and their functions while Table 2 lists thecontiol command bit definitions. Actual location in memory. 



i.e., the more significant hex addresses, would depend on a decoded address enabling chip select (CS). 
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ADDRESSES (A0-A3) 





1 
2 



5 



8 
9 



8 



D 



NOTE: 






TABLE 1. ADDRESS FUNCTIONS 

DATA COMMANDS 

Load Page Select Reg 1 
Load Piiqr Select Reg 2 

Load Control Command Register 
tfead Byte 

Write Byte 

Read Status 

Page Counter 1 

Page Counter 2 

Load Minor Loop Size Reg 1 

Load Minor Loop Si/e Reg 2 

p age Position Counter 1 

Page Position Counter 2 

Load Page Size Reg 

Head ROM Byte 

Read/Write State Address 



OPERATION 

Write LSB 
Write MSB 
Write (sec Table 2) 
Read FIFO 

Write FIFO 
Read 

Read/Write LSB- 

Read/Write MSB 
Write LSB 

Write MSB 

Read/Write LSB 

Read/Write MSB 
Write 

Read& Incr. Pointer 
Read ROM ADDR R eg 



•i 



1 



BIT NO. 




1 



2 



3 



5 



6 



7. 



TABLE 2. CONTROL COMMAND BIT DEFINITI 



ON 



CONTROL COMMANO 
Initialise 



Read Page 



Write Page 



Single Page Mod 



Multi-Page Mode 



Test Mode 



Reset 



Interrupt Mask 



•Sy„em . Software Reset I H,r, We Re§t| 
"CRRST I. . dltcrtl . conlfo| ^ in the ^^ ^ rqm 



RESET FUNCTION 
System* + CRRST" 



System* CRRST 



System + CRRST 



Bit 4 
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System + Bit 3 ■ "\ 



" 4 99 



System ♦ Bit 5 « "0 



«* 



System -f Bit 5 - "o" 



# * 



FUNCTION 

Cold Start" 



initialization 

Readpnge from bubble 
memory into FIFO 
page buffer 

Write pane from FIFO 
page buffer into 
bubble memory 

Sets up controller 
for single page 
transfers 

Sets up controller 

for multi-page transfers 

Enables control ROM 
verification 

Software System 
RirsrM (PuK,.) 

Resets Interrupt 
Level (Pulse) 
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22 STATUS REGISTER 
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Th. following gives » *,,«,,, d.scip.ion , e , ch bi| . 
Controller Busy 



e m.croprocessor. Table 3 lists these status 



'i 



Load/lncr 



Inhibit 



•l»l« ln,„*l„„. ( Uicd ,„ lel , jng , , <K""t.rty from th, „,„,„,, ,„„. This M| js updittd ^ ^ 

* 



Byte Read/Written 



Addressed Pane Available ti * 

A/OTiE" 
Since many of tho status bits 



I . 



BIT 



1 



3 



6 



CONDITION 
Page Read/Written 
Load/I NCR 
Inhibit 

MLSC Zero 

Addressed Page Available 
Controller Busy 
Page Count Zero 

Byte Read/Written 



TABLE 3. STATUS CONDITIONS 

SET FUNCTION 
Page Size Counter 
Updated on State Transition 
Updated on State Transition 



RESET FUNCTION 
Status Read SRST 



Major Loop Shift Count 
Comparator 

Leaving State 

Page Count Register 

Byte Counter 



er 



Status Mead SflST 

Status Rend SRST 
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' io U transition of BSS 

Page Count Register Loaded 
Status Read SRST 
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2.3 TMS 9916 PIN DESCRIPTION 



PRELIMINARY 



Table 4 defines the TMS 9916 pin assignments and describes the function of each pin. 



TABLE 4. TMS 9916 PIN ASSIGNMENTS AND FUNCTIONS 



n 



SIGNATURE 



V B B 
BSS 



GC50 



01 
02 



RSET 



V 



DO 



WR 



RDV 

■ 

SYNC 



CS 



A3 
A2 
A1 

AO 

V C C 
DBIN 




1 
2 



3 



5 



6 
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10 

11 

12 
13 
14 
16 



15 



17 
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I 
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I 
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DESCRIPTION 



TMS 9916 PIN ASSIGNMENTS 



-5 volt supply 

Bubble start shift, used to 
start and stop bubble field 
drive clocks 

Gated 50 kHz clock synch- 
ronous with the data transfer 
rate out of the bubble module 

* 

Timing signals to the function 
timer 

■ 

Initialization signal which re 
sets the following functions: 

1) Status register (except 
page count zero, which 
is sr?t) 

2) ROM function latch 

3) Byte counter 

4) Interrupt 

5) Output Buffer 

6) Control signals 

7) ROM address register 

8) Flags — multipage, init- 
ialize, read page, write 

page 

9) Page count register 

10) Page-select register 

11) Byte select 

12) Clock distribution 

* * 

+ 12 volt supply voltage 

Write signal to the controller indicating that the processor is executing a write instruction 

Signal generated by the controller to allow commands from the processor 

Synchronization signal to the controller indicating that a command sequence is starting (see Note 2). 

Chip select to the controller which enables the command decode logic 

Four address lines used for encoding commands to the controller. 



VftH 

BSS 

GC50 

01 

02 
RSET 

V D D 

m\ 

RDY 

SYNC 
CS 

A3 

A2 
A1 

VCC 
AO 

DBIN 

DO 
Dl 

°2 




]40 BXOUT 

39 BXIN 

I 38 BREP 
] 37 BANH 

] 36 BDET 

J 35 *2 

1 34 INT 

J 33 FUNCEN 
] 32 DATOUT 

] 31 INITRW 

]30o1 

J 29 PWRBD 

] 28 V SS 
] 27 NC 

) 26 DATIN 

] 25 D 7 

24 D 6 

23 D 5 
I 22 D 4 

21 D 3 



► 5 volt supply 

Data bus in signal to the controller, indicating the processor is executing a read instruction 
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TABLE 4. TMS 9916 PIN ASSIGNMENTS AND FUNCTIONS (CONTINUED) 



SIGNATURE 



DO 
D1 
D2 
D3 
D4 

D5 

D6 
D7 

DATIN 



V S S 
PWRBAO 



01 

02 



INITRW 



DATOUT 



FUNCEN 



INT 



BDET 



BANH 



BREP 



BXIN 



BXOUT 




18 
19 

20 
21 
22 
23 
24 
25 



26 



27 



28 



29 



30 
35 



31 
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33 



34 



36 



37 



38 



39 



40 
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DESCRIPTION 



«i 



Data is transferred to and from the processor over this bidirectional data bus 
Serial data from the bubble module to the controller 
No connection 

Ground 

Power bad signal to the controller indicating that the power source has been interrupted and an 
orderly shutdown should be initiated. This permits the controller to circulate the memory to its zero 
address, for a known starting point on power up. 

Two phase 2 MHz clock which governs all of the controller timing sequences 



r 

Initiate rend write signal from the controller indicating that it is about to read from or write to the 
bubble module 

Serial data from the controller to the bubble module 

Function enable to the controller, generated by the PROM, used to inhibit data shifting when there is 

a bad minor loop in the bubble memory 

Signal generated by the controller to the processor indicating data is ready to be read or written. 

Bubble detect enable to the bubble module, indicating that a bubble passing the detector and should 
be read 

Bubble annihilate signal from the controller, indicating that bubbles in the annihilate position in the 
major loop should be collapsed (see Note 1) 

4 

Bubble replicate signal from the controller indicating that the bubble located at the replicate position 
in the major loop should be split into two bubbles. One continues along the major loop, the other 
travels towards the detector (sec Note 1) 
Transfer in enable, indicating that bubbles in the major loop are to be transferred to the minor loops 

(see Note 1) 

Transfer out enable indicating that bubbles in the minor loops are to be transferred to the major loops 

(see Note 1) 



i 



i 



NOTES: 



1. Transfer of a bubhi> between major and minor loops, and from major loop to read area is a destructive process; that is the bubble 
transferred is "annihilated". The replicate s-qnal enables the bubble to be split as it heads for the read area, so that it can continue 
around the major loop, eventual I V to be restored to Its proper position in a minor loop. 

2. In applications whero a seperate SYNC signal Is not available, SYNC and CS may be tied toflethor. 
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3. 



TMS 9916 bLECTRICAL AND MECHANICAL SPECIFICATIONS 



I 



31 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE-AIR TEMPERATURE RANGE (UNLESS 
OTHERWISE NOTED) 

II 

Supply voltage, Vqq (with respect to Vqq) -0.3 to 20 V 

Supply voltage, Vqq (with respect to V BQ ) ( -0.3 to 20 V 

Supply voltage, V55 (with respect to Vqq) . . . -0.3 to 20 V 

nput voltages (with respect to Voa)t -0.3 to 20 V 

Operating free ait temperature range . 0°C to 70°C 

Storage temperature range -55° C to 150°C 

tFof .ill combinations of inputs, the I/O lines may be ihorled to V ss or V cc for a period not to exceed five (5) millisecond* without «ny 
dama^o to the device. 



3.2 RECOMMENIm O OPERATING CONDITIONS. T A = 0°C to 70°C 



3.3 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


Supply volt; ■■, VfjQ 


-5.25 


-5 


-4.75 


V 


upply \ oltaqe, Vf c 


4.75 
11.4 


5 
12 


5.25 


V 


Supply voltage, Vqq 


12.6 


V 


Supply voltaqe, \ 







V 


High level input Itaqe, Vm (oil inputs except c 


locks) 


3.3 




vcc* 1 


V 


Mirth-level clock input voltage, V,,,u 




9 
- 1 




Vqd'i 


V 


Lew level input voltaqe, Vjl (all inputs except el 


ocks) 




0.8 


V 


Low-level clock input voltaqe, V^l 


-1 




0.6 


V 


• 

* 

STATIC ELECTRICAL CHARACTERISTICS, T A = 0°C to 70°C 


* 








parame n n 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Input current (.ill inputs except 

l| 

rlocx an i dat i i/O) 


V| - 5 V 


too 


*iA 


l;H High level data I/O input current 


V| - 5.25 V. CS 


100 


*iA 


<ll Low level data I/O input current 


Vj = 0, CS - 


-100 


fiA 


Igg Supply current from V^r.] 






- 1 


mA 


If^Q Supply ' urrent from Vcc 
Irjrj Stjpi y cui i unt from Vj)q 




75 


mA 








35 


mA 


Vqi^ Hirjh level output voltaqe 


V CC 4.75 V, l 0H 400 ji A 


2.4 




V 


v*OL Low level output voltage 


V CC - 5.25 V, l 0L - 1.9mA 


* 




0.4 


V 


, C ;itance, o'l input exceptclock 








10 


pF 


i'-, J ) Capacitance clock input 








50 


Pi" 


Capacitance, output buffers 




< 




25 


P r 



3.4 OUTPUT LOAD CAPACITANCE 



PARAMETERS 



Data Output Huffer (00 07) 



Function f nable Buffets IBSS, BDET. BAN, BREP. 

BXi N, BXQUT, DATA OUT) 

-input Buffers («.m CLK,f/»2CLK. GC50. 
INTtRRUPT. READY, INITRW) 



CAPACiTIVE LOAD 



100 pf : plus 1 TfL load 



25 pF plus 1 TTL load 



5 pF plus 1 TTL load 
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fHtLIIVIIIMAKY 

TIMING REQUIREMENTS OVER FULL f ANGE OF RECOMMENDED OPERATING CONDITIONS 




PARAMETER 



Clock cycle time 



Clock rise time (10% to 90%) 



Clock fall time (90% to 10%) 



t 



w(<?»2) 



Pulse width, clock 1 
Pulse width, clock 2 



*d<<*>1 -«/>2) Dc,a V time ' c,ock 1 toc,ock 2 
*d(*2-*D D^HaV time, clock 2 to clock 1 



td(0l-^2) Delay time .leading edges of clock 1 to clock 2 




NOTE: RESET can occur inywhert but must be held at least two clock cycles. 



TA-0°Cto + 70°C 



i 



*1 



*2 




A0001380 




FIGURE 3 - CLOCK TIMING REQUIREMENTS 



3.6 INTERFACE TIMING, T A - 0°C to 70°C 



PARAMETER 



'wiwni 



■ 



Pulse width. WR 



«su(ad> 



Setup time for address in clock 1 




SU ( C S s) Setup time for chip select and SYNC in clock 1 
t $u(WR ) Setup time for WR in put in clock 2 



<su(da) 



Data setup time in clock 1 



*h 



Hold time from clock 1 



td(da) 



Data output delay time from clock 2 to valid 




*d(da) 



Data output delay lime from DOIN to FLOAT 



UKfM 



«d(S) 



«d(D) 



DBFN Input delay time into clock 2 

■ -■••■ — 

tlf ADY output delay liitw! in cl<x k 2 

SYNC input delay time from clock 1 

DelaVtiTne between SYNC 77 r ' To^l" transitions 



MIN 






NOTE: All timing specifications are In eccordance with capacltive loading. 
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PARAMETER 



INITRW pulse width 



MIN 



TYP 



MAX 



Setup time, data input from dock 1 
Hold time, data input from clock 2 



500 



1000 



2500 



GC50 delay time from clock 1 



1000 



INITRW delay time from dock 1 



Oata output delay time from GC50 
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FIGURE 7 - BUBBLE FUNCTION TIMING 
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4. MECHANICAL DATA 



4.1 TMS 9916 -40 PIN CERAMIC PACKAGE 
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4.2 TMS 9916 - 40-PIN PLASTIC PACKAGE 
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